Abstract-The impact of the pulse repetition rate of nanosecond-scale voltage pulses on the generation of a plasma discharge in a glass tube is examined. Space-time images of the plasma-induced emission are used to quantify the velocity of the ionizing wave as the plasma propagates across the tube for various pulsed voltage repetition rates.
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T HE APPLICATION of repetitive high-voltage nanosecond-scale voltage pulses for the generation of plasma is a promising technique for manipulating the characteristics of a plasma discharge such as electron density, electron energy distribution, and species generated in such a plasma [1] - [4] . For example, during the application of the pulse and prior to the filling of the chamber with charge, E/N is typically well over 100 Td, and the dominant mechanism of energy transfer between electrons and target atoms or molecules is electronic excitation and ionization. After the voltage pulse ends and the fields are removed, E/N and, hence, electron temperature drop rapidly, but the residual space charge remains for time scales mediated by recombination and losses to the chamber walls. As an emerging field, there is interest in what control is truly realized from such a technique and what factors enhance or detract from such control.
The experimental setup used to examine the plasma generated by repetitive high-voltage nanosecond-scale excitation is illustrated in Fig. 1 along with several 2-D snapshots (200-ps acquisition, spaced in time by 1 ns) of the plasma-induced emission (broadband visible light) acquired with a gated intensified CCD (Modified PicoStar HR12). For this case, the plasma is sustained in a 1-torr nitrogen atmosphere, driven by an ∼25-ns-long 12-kV voltage pulse operated at a repetition rate of 1 kHz. It is clearly observed that the plasma initiates around the powered electrode (leftmost image), propagates across the 12.5-cm gap, and intensifies behind the expanding front with time. It is to be noted that the observed behavior is qualitatively similar to the behavior observed by Anikin et al. [5] in that the plasma demonstrates a well-defined front as it propagates across the gap. Utilizing the sequences of the time-stepped images (200-ps acquisition, 200 ps per step) such as those presented in Fig. 1 , distance-versus-time images of the radially averaged optical emission (log 10 scale) are constructed and presented in Fig. 2 for four pulse repetition rates. At a pulse repetition rate of 100 Hz, the front propagates toward the grounded electrode with a velocity of 0.4 cm/s. As the gap between the two electrodes is 12.5 cm, the front cannot propagate across the entire gap and the plasma does not fully form. As the repetition rate increases, the velocity of the expanding front monotonically increases from 1.3 cm/s at 1 kHz to ∼2.7 cm/ns at 5 kHz. Likewise, with increasing repetition rate, the peak intensity of light emitted from the plasma also increases.
With increasing pulse frequency, there is a reduction in the time between applied pulses, and the plasma generated during a given pulse excitation is allotted less time to decay. Therefore, with increasing repetition rate, there will be higher residual space charge densities present to "seed" the development of subsequent plasma formation. 
